We propose a strategy for designing Bragg reflection waveguides with no polarization sensitivity. Via spontaneous parametric downconversion, such waveguides produce both crosspolarized and co-polarized entangled photons, acting as integrated sources of optical Bell states.
It was shown recently that the group velocities of the H/V-polarized downconverted photons can be matched, maximizing polarization entanglement in the photon pairs generated by the type-II PM [7] . Another recent account shows that a BRW can support concurrent type-I and type-0 PM, generating co-polarized entangled photon pairs [8] . The states corresponding to co-polarized and cross-polarized photons produced by BRWs in these cases are [9] φ = dω 1 dω 2 φ HH (ω 1 ,ω 2 )a H
These states behave like the optical Bell states |Φ + 〉 ∂ (|H〉|H〉 + |V〉|V〉), |Ψ + 〉 ∂ (|H〉|V〉 + |V〉|H〉) in polarization measurements if the biphoton wave functions satisfy ϕ HH (ω 1 , ω 2 ) = ϕ VV (ω 1 , ω 2 ) and ϕ HV (ω 1 , ω 2 ) = ϕ VH (ω 1 , ω 2 ). Being able to generate such states on a chip is important for the development of photonic quantum technologies [9] .
In this contribution we use a semianalytical description of ridge waveguides with periodic multilayer claddings to satisfy the two aforementioned conditions in a single on-chip waveguide. Using recurrent Airy formulas together with the effective index method, we design a BRW where all PM types in Eq. (1) are at the same pump wavelength with no group velocity mismatch between H-vs. V-polarized downconverted photons. Switching between |ϕ〉 and |ψ〉 is then easily achieved by rotating the pump polarization.
The theoretical description is based on first considering a slab waveguide where a core of refractive index n c and thickness t c is sandwiched between periodic cladding consisting of alternating high-index (n h , t h ) and low-index (n l , t l ) layers. Effective indices of the guided modes n eff are obtained by solving the equation
The Fresnel reflection coefficient of the cladding r H,V can be determined analytically from recurrent Airy formulas based on translation symmetry of semi-infinite periodic multilayers. Having determined the 1D effective indices, we employ the effective index method to calculate the mode structure of a 2D ridge waveguide using a modified version of Eq. (3) with H↔V and the ridge width W in place of t c . As a result, simple semianalytical expressions can be derived both for the effective indices of all the waveguide modes and for their group velocities. We use the approach to design a BRW structure where n H ;eff We then proceed to analyze the entanglement properties of the photon pairs generated in such a structure. If the pair is subjected to the Hong-Ou-Mandel (HOM)-type experiment shown in Fig. 2a [10] , it is expected that a difference between spectral properties for H-vs. V-polarized downconverted photons will show itself in the dependence of the coincidence rate D c on delay time τ. For cross-polarized photons (|ψ〉) in Eq. (2), polarization sensitivity will lead to asymmetry in the biphoton wave function: ϕ HV (ω 1 , ω 2 ) ≠ ϕ VH (ω 1 , ω 2 ), to be seen as reduced visibility of the HOM dip at τ = 0 [10] . For co-polarized photons (|ϕ〉), polarization sensitivity will lead to the asymmetry ϕ HH (ω 1 , ω 2 ) ≠ ϕ VV (ω 1 , ω 2 ), similarly reducing the visibility of quantum beats.
We calculate and compare D c (τ) for the proposed structure with parameters mentioned above with a reference structure, based on Ref. [11] , where all the mode effective indices are matched but the group velocities (and the efficiencies of type-I vs. type-0 SPDC) are different. We see that both the visibility of the HOM dip for the crosspolarized photons (Fig. 2b) and the prominence of quantum beats for the co-polarized photons (Fig. 2c) is greatly increased when the group velocity mismatch between H-and V-polarized downconverted photons is reduced.
In summary, we have shown that we can use a semianalytical approach to design Bragg reflection waveguides with maximized polarization entanglement in photon pairs generated by SPDC, as well as with modal PM of three types at the same pump wavelength. The proposed structure is shown to generate both states of Eq. (1), acting as a versatile on-chip source of entangled qubits. The structure can potentially be used as a source of several optical Bell states with a simple way of switching between |ϕ〉 and |ψ〉 by changing the incoming pump polarization. Note that AlGaAs-based BRWs have the advantage of being integrable with other optical components such as quantum interference circuits or pump diode lasers [6] , and are readily suitable for experimental realization [5] . 
